A 47-year-old Japanese man with mild proteinuria was treated with an ACE inhibitor and antiplatelet agent for 7 years. However, urinary protein levels increased and renal biopsy was performed. Eight out of 20 glomeruli showed global or segmental sclerosis with foamy changes or bubbles, but with a different appearance to typical foam cells or lipoprotein thrombi. "Spike" formation, as observed in membranous nephropathy (MN), was segmentally detected in methenamine silver-stained sections. In an immunofluorescence study, weak linear patterns for IgG and scanty deposits for C3 were observed in glomeruli, but were not specific for immunogenetic MN. An electron microscopy study showed highly dense deposits in the subepithelial, subendothelial, and mesangial areas, in which microbubbles appeared under a higher magnification. Since this case exhibited hypertriglyceridemia and cholesterolemia with high serum apolipoprotein E (apoE) clinically and homozygous apoE2/2 by apoE phenotype and genotype analyses, apoE2 homozygote glomerulopathy was diagnosed and various lipid-lowering agents, e.g., probucol, fenofibrate, and ezetimibe, were administered. However, renal dysfunction gradually developed and peritoneal dialysis was initiated 11 years after the diagnosis. ApoE Toyonaka (Ser197Cys) and homozygous E2/2 were recently identified by direct DNA sequencing. Therefore, non-immune MN-like lesions may develop with the combination of these apoE mutations.
Introduction
Apolipoprotein E (ApoE), a 34-kD glycoprotein, binds to cholesterol and triglycerides and constitutes lipoprotein structures. Accordingly, mutations in apoE have been implicated in various lipid abnormalities and induce atherosclerosis, leading to cardiovascular disorders and neurogenerative disorders, e.g., Alzheimer's disease [1, 2] . Lipoprotein glomerulopathy (LPG) [3] and apoE2 homozygote glomerulopathy [4] are kidney diseases caused by apoE mutants. Two cases of the combination of homozygous E2/2 and a novel apoE variant called apoE Toyonaka (Ser197Cys) have been reported to have another characteristic histology similar to membranous nephropathy (MN), but without obvious immune deposits [5, 6] . We herein present a case of the same combination of apoE mutants, in which various histological findings related to lipid abnormalities were recognized in addition to MN-like lesions.
Case presentation
A 47-year-old Japanese man was diagnosed with mild proteinuria at an annual check-up and treated with an ACE inhibitor and antiplatelet agent for 7 years. Since urinary protein levels increased, he was admitted to Fukuiken Saiseikai Hospital in 200 × to undergo examinations, including renal biopsy. On admission, his height and weight were 177 cm and 62.5 kg, respectively. His blood pressure was 122/74 mmHg. No abnormal findings were identified in a physical examination. He had neither corneal opacities nor xanthoma. His laboratory findings were as follows: white blood cell count 5900/µL, (neutrophils 64.1%, lymphocytes 25.3%, eosinophils 3.4%), hemoglobin 14.7 g/dL, platelet count 235,000/µL, total protein 6.6 g/dL, albumin 3.9 g/dL, fasting blood glucose 100 mg/dL, serum creatinine 1.0 mg/ dL, total cholesterol 252 mg/dL, triglycerides 417 mg/dL, and HDL-cholesterol 60 mg/dL. His serum apoE level was 7.5 mg/dL (normal range 2.4-5.2 mg/dL). Liver function and total complement were within normal ranges. Serum IgG, IgA, and IgM were 1013, 234, and 203 mg/dL, respectively. Anti-nuclear and anti-neutrophil cytoplasmic antibodies were negative. Urinary protein excretion was 2.4 g/day and urinary sediment RBC was 5-10/hpf. His parents, son, and daughter had not kidney diseases and did not agree to undergo an examination on apoE for the purpose of privacy protection.
Pathological findings
In renal biopsy, 20 glomeruli were detected in light microscopy specimens. Mild to moderate mesangial cell proliferation and mesangial matrix expansion were observed in most glomeruli. Eight glomeruli showed sclerotic changes, two of which were global, while the others were segmental with lipoprotein thrombi and bubbles (Fig. 1a) . However, their appearance differed from foam cells or typical lipoprotein thrombi in LPG. "Spike" formation on the glomerular basement membrane (GBM), as observed in MN, was segmentally detected in methenamine silver-stained sections (Fig. 1b) . In an immunofluorescence study, weak linear patterns for IgG and scanty deposits for C3 were detected in glomeruli, but were not specific for MN. An electron microscopy (EM) study showed highly dense deposits in the subepithelial, subendothelial, and mesangial areas, which had the appearance of microbubbles under a higher magnification (Fig. 2a, b ). Lipoprotein thrombi with fine lucent granules were also observed by EM, but did not have the fingerprintlike layers characteristic of LPG (Fig. 2c, d ).
Analysis of ApoE mutations and the clinical course
Since serum triglyceride, total cholesterol, and apoE levels were high, the apoE phenotype and genotype were initially examined. Plasma apoE phenotypes were analyzed by isoelectric-focusing polyacrylamide gel electrophoresis (IEF) and an immunoblotting analysis, as previously reported [7, 8] . The patient's sample showed the position of apoE2/2 (Fig. 3a) . The apoE genotype was assessed by a restriction fragment length polymorphism (RFLP) analysis as described previously [7, 8] . PCR products were digested with the restriction enzyme HhaI. Genotype ε2/2 was identified by 91-and 78-bp fragments (Fig. 3b) .
Based on the findings of histology and the apoE analysis, the patient was diagnosed with apoE2 homozygote glomerulopathy [4] and was initially treated with probucol. However, improvements in dyslipidemia with a high apoE level or reductions in urinary protein levels were not observed. Fenofibrate and ezetimibe were administered, but did not ameliorate the patient's condition. Renal dysfunction gradually developed and peritoneal dialysis was initiated 11 years after the diagnosis.
Since similar cases of apoE Toyonaka (Ser197Cys) associated with homozygous E2/2 have recently been reported [5, 6] , we re-analyzed apoE mutations with an RFLP analysis and direct DNA sequencing specific for apoE Toyonaka. ApoE Toyonaka (Ser197Cys) was confirmed by the RFLP analysis digested with SacI (Fig. 3c) . Genomic DNA was amplified by a polymerase chain reaction (PCR) using the oligonucleotide primers, sense 5′-CGT GCG GGC CGC CAC TGT GAGCT-3′ and antisense 5′-TCG CAT GGC TGC AGG CTT CGG CGT TC-3′. The 335-bp fragment after cleavage by SacI suggested normal c.644C of apoE in codon 197 (lane 3). The 358-and 335-bp fragments after cleavage by SacI showed the heterozygous novel mutation of apoE Toyonaka (lane 2). The direct sequencing of apoE DNA was performed as described previously [9] . Based on the results obtained, we identified a homozygous polymorphism at codon 158 (ε2/2: c.526 C>T: Arg158Cys) (data not shown) and heterozygous missense mutation (C to G) in exon 4 leading to the amino acid substitution Cys (TGC) for Ser (TCC) at codon 197 (c.644 C>G: p.S215C: Ser197Cys) (Fig. 3d) . Therefore, apoE Toyonaka (Ser197Cys) associated with homozygous E2/2 was identified in this case.
Discussion
This is the third case report showing glomerular lesions with the combination of apoE Toyonaka and homozygous apoE2/2. The patient was born in a different area to the other two cases [5, 6] and had no consanguinity. Non-immune MN-like spike formation was common among these three cases. Subepithelial electron dense deposits between spikes were also similar to those in MN; however, microbubbles were observed under high magnification with EM instead of immune deposits by an immunofluorescence study. Although difficulties were associated with examining apoE in these deposits in the present case because renal biopsy was performed more than 10 years ago, tandem mass spectrometry and immunohistochemical staining in the previous case by Fukunaga et al. [5] revealed apoE in these deposits. Therefore, the glomerular dense deposits in the present case may also contain many apoE molecules. Since three cases of apoE Toyonaka and apoE2/2 showed similar non-immune MN-like findings, these histological changes may be specific to the combination of apoE Toyonaka and apoE 2/2.
The apoE molecule is composed of an N-terminal domain (NT) and C-terminal domain (CT). NT mainly contains an LDL receptor-binding region related to lipoprotein metabolism, and CT comprises the high-affinity lipid-binding region [2, 10] . These domains are joined by a protease-sensitive loop called a hinge region and maintained functionally and structurally [2, 10] . To date, LPG [3] and apoE2 homozygote glomerulopathy [4] characterized by lipoprotein thrombi and foam cells, respectively, are regarded as representative renal glomerular diseases associated with apoE mutants in NT. On the other hand, apoE Toyonaka in the present case is a mutant of the hinge region, and appears to play an important role in the dissociation between NT and CT. Mutations in the hinge region have not been reported so far except for several non-invasive single-nucleotide polymorphisms (SNPs) [11] and further study should be need for the dissociation between NT and CT. However, an altered hinge region may markedly affect the three-dimensional structure of apoE and cause disconnections not only between NT and LDL receptors, but also between CT and lipids [2, 10] , because the structural and functional stability of apoE is mediated by the hinge region connecting NT and CT [12] [13] [14] . If the function of hinge region is suppressed by apoE Toyonaka, unstable apoE fragments without lipids are assumed to be present in 
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Ala Thr Val Gly Cys Leu Ala Gly the blood and deposited as numerous electron dense granules in the mesangium and around GBM which include proteoglycan and other negatively charged substances. Particularly, since the apoE molecule is as small as 34 kDa and rich in arginine, one of the representative positively charged amino acids [15] , it may cross the GBM, accumulate in the subepithelial area and form microbubble electron deposits. Therefore, non-immune MN-like lesions with spike formation may develop in these cases.
In comparisons between the present case and the two other cases, characteristics that differ from common MN-like lesions were noted ( Table 1 ). The case reported by Fukunaga et al. [5] was normolipidemic and did not show foam cells or lipoprotein thrombi in the glomerulus. The case by Hirashima et al. [6] showed type III hyperlipoproteinemia and segmental glomerulosclerosis with numerous foam cells resembling apoE2 homozygote glomerulopathy. The present case was also similar to apoE2 homozygote glomerulopathy; however, lipoprotein thrombi were more prominent than in the case reported by Hirashima et al. [6] . Although apoE2 homozygote glomerulopathy is generally characterized by foam cell infiltration in the glomerulus, Sakatsume et al. [16] reported an atypical case of lipoprotein thrombus-like substances and electron dense deposits in the subendothelial and subepithelial areas. These findings resemble those of the present case and suggest the involvement of apoE2/2. Collectively, these findings indicate that the various glomerular changes observed in our case depend on the balance between two different mutations, apoE Toyonaka and homozygous E2/2. The accumulation of more cases is needed to clarify this mechanism.
In conclusion, we herein demonstrated that a case of apoE Toyonaka and homozygous apoE2/2 mutations had various glomerular lesions. Although histological findings slightly differed from those of the other two cases with the same mutant combination [5, 6] , non-immune MN-like lesions were common among these three cases. Our case progressed to end-stage renal disease after a longer observation period than the other two cases, which suggests that the prognosis of this inherited condition is poor. On the other hand, it is reported that fibrates are effective for type III hyperlipoproteinemia in LPG and apoE2-homozygote glomerulopathy [17] . If new cases are identified, such intensive treatment options available for this condition should be considered.
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